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A recent paper of Tanatar and Erkan [Phys. Rev. A
62, 053601 (2000)] discusses a density functional approach
to the impenetrable point Bose gas in one dimension and an
equation for the order parameter of the system, due originally
to Kolomeisky et al. [Phys. Rev. Lett. 85, 1146 (2000)], is
derived. We comment on the regime of validity of such a
model and on qualitative differences between predictions of
the density functional approach and known exact results.
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The standard Gross-Pitaevskii effective field approach
to the theory of trapped atomic vapor Bose-Einstein con-
densates (BECs) has been shown to fail in a regime
of very thin waveguides, low temperatures, low densi-
ties, and large positive scattering length where transverse
modes are “frozen” and the dynamics reduces to that of
a one-dimensional (1D) gas of impenetrable point bosons
(Tonks gas) [1,2]. A modified effective field approach
has been used recently by Kolomeisky et al. [3] to derive
a nonlinear Schro¨dinger equation specifically adapted to
the Tonks gas limit, and their approach has been further
discussed by Tanatar and Erkan [4]. We comment herein
on the regime of validity of such effective field models and
on important qualitative differences between predictions
of such a density functional approach and known exact
results.
We recently obtained exact many-body solutions for
some static and dynamical properties of trapped 1D Bose
gases in the Tonks gas limit [5–7] via appropriate gener-
alizations of our Fermi-Bose mapping theorem approach
[8,9]. Detailed analyses by Olshanii [1] and by Petrov et
al. [2] show that for sufficiently thin atom waveguides,
low temperatures, and large positive scattering lengths,
the dynamics reduces to that of the Tonks gas (impene-
trable point particles) in the limit of low densities. On
the second page of their paper, Tanatar and Erkan state
that “Our results indicate that a condensate exists even
for an infinitely strongly interacting 1D model system.”
On the contrary, this is their assumption, and is in no way
indicated by their results. In fact, it has been proved rig-
orously [10,11] that for an N -boson Tonks gas with no
external trapping potential and periodic boundary condi-
tions, the occupation of the zero-momentum orbital in-
creases like
√
N in the thermodynamic limit, not like
N as is the case for true BEC. One might hope that a
trapped Tonks gas would show true BEC, but we have
recently [7] exhibited the exact many-body ground state
of the harmonically trapped Tonks gas, and our numeri-
cal calculation of its reduced one-particle density matrix
shows that the number of atoms in its most highly oc-
cupied orbital increases as N0.59 for large N . Thus, in
the limit N >> 1 one cannot assert that there is a single
orbital that acts as an order parameter or macroscopic
wave function for the whole system and reflects both its
density and phase coherence properties. Thus the order
parameter introduced by Kolomeisky et al. and Tanatar
and Erkan cannot be validly interpreted as a true con-
densate wave function. There is no true long-range order,
so the interpretation of this quantity as a complex order
parameter is questionable. Kolomeisky et al. [3] invoked
a hydrodynamic description such that the magnitude of
this quantity is the square root of the density and its
phase is a velocity potential, which may be expected to
capture the long wavelength behavior but not the strong
short-range correlations that prevent true BEC.
If exact many-body solutions were available for the
two-component Tonks gas, as they are in the one-
component case [5–9], one could compare them with the
approximate two-component nonlinear Schro¨dinger equa-
tion (NLST) solutions of Tanatar and Erkan in order
to assess the reliability of their approach. However, the
Fermi-Bose mapping theorem approach [8,9] fails in the
two-component case because for a mixture of two differ-
ent species of ideal Fermi gases, the many-body wave-
functions do not vanish at contact of different species
particles, whereas such vanishing is a necessary condi-
tion for validity of the Fermi-Bose mapping theorem.
Strong short-range correlations play an anomalously im-
portant role in 1D (even at low densities) for an obvious
topological reason: Particle collisions are unavoidable in
1D, whereas in higher dimensions particles can “detour”
around each other. These strong short-range correlations
(and indeed, all two-particle correlations) are omitted in
all NLST approaches.
Finally, we comment on some other strengths and
weaknesses of the NLST approach of Kolomeisky et al.
and Tanatar and Erkan. We note first that comparison
of its predictions for the ground state density profile of
a harmonically trapped Tonks gas with the exact many-
body solution [3,7] show that except for small ripples ex-
hibited by the exact solution, the NLST prediction agrees
closely with the exact solution. Furthermore, our recent
comparison [6] between the NLST prediction and the ex-
act many-body dynamical solution for a trapped con-
densate which is first cut in two by a slowly ramped-up
central barrier potential, then allowed to expand freely,
shows that the exact time-dependent density is closely
reproduced by the NLST calculation before the expand-
ing clouds collide, but that after their collision the NLST
greatly exaggerates the resultant interference fringes seen
in the exact solution. The NLST therefore overestimates
the phase coherence present in the system and should not
be trusted in regions where there are significant spatial
and/or temporal phase gradients.
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